A LTHOUGH the arterial oxygen saturation is normal in most patients with polyeythemia vera,1 2 it is sometimes reduced. [3] [4] [5] The causes of such reduction are uncertain, but decreased diffusion capacity and damage to the respiratory center are among the possibilities that have been suggested. Most aspects of pulmonary function, however, are not significantly deranged in patients with polyeythemia vera.2 The oxygen dissociation curve is normal.5 Intrapulmonary venous-arterial admixture was found by Cassels and Morse5 to be no greater in polycythemic patients than in normal subjects, but the technic they employed for estimating it left much to be desired.
The following report deals with studies of venous-arterial admixture in the lungs of patients with both primary and secondary polyeythemia and involves a more sensitive method than that used by Cassels and Morse. For comparison, similar studies were also made in normal subjects and in nonpolyeythemic patients with severe chronic bronchopulmonary disease and pulmonary emphysema. by determining the alveolar-arterial oxygen gradient after the patient had breathed pure oxygen for 30 or more minutes. Another arterial sample was collected anaerobically, using a syringe that had been heated to body temperature. The syringe was capped, quickly transferred to a heated centrifuge, and centrifuged in a special cup for 90
METHOD
seconds. An air-tight polarograph cell fitted with a dropping mercury electrode' was then filled anaerobically with the supernatant plasma by displacing mercury from the cell, about 1.5 ml. being sufficient for the purpose. An electromotive force of 0.5 volt was applied across the cell and the current produced by reduction of the physically dissolved oxygen at the cathode recorded. The total time from drawing the blood to polarographic recording was 3.5 minutes, the blood and plasma being maintained at 37C. throughout the procedure. Calibration was achieved by equilibrating the patient's plasma in tonometers with 2 or more gas mixtures of known oxygen tension, transferring the plasma anaerobically to the polarograph cell, and determining the oxygen reduction current. From the calibration graph of oxygen tension versus current so constructed, the oxygen tension of any unknown sample can be obtained.
Toward the end of this study an improved method for measuring oxygen tension directly in whole blood was used. 7 The alveolar-arterial oxygen tension gradient was then calculated by subtracting arterial oxygen tension, obtained polarographically, from the calculated mean alveolar oxygen tension.
Red cell mass was measured by the radioactive chromium technic10 with blood collection at 1 and 3 hours.
Fourteen normal subjects, 7 nonpolycythemic Table 2 shows the relatively large alveolararterial gradients that were observed in patients with polyeythemia. In those cases treated with phlebotomy or P32 or both, repeat study 11 days to 5½/2 months later regularly showed a decrease in gradient toward or to normal. Although the red cell mass in case J. C. was within normal limits, the hematocrit was 62 and there was evidence of venous-arterial admixture, as in patients with true polyeythemia. Table 3 shows the mean and range of alveolar-arterial oxygen tension gradients observed in 14 normal subjects, and in 7 patients with severe chronic bronchopulmonary disease and emphysema during 100 per cent oxygen breathing. None were polycythemic. The mean gradient is higher in the emphysema group than in the normal subjects, but there is considerable overlap and the difference is not significant in this small series. Figure 1 shows the relationship between hematocrit and the alveolar-arterial oxygen tension gradient in a number of normal subjects and patients with various diseases with and without polyeythemia. In order to show the low ranges of this relationship, some anemic patients not otherwise reported in this paper have been included. The correlation coefficient is plus 0.55. these measurements, alveolar nitrogen is virtually eliminated and even the poorly ventilated areas of the lung are highly oxygenated. Likewise, the high oxygen tension brings about almost complete equilibrium between alveolar air and capillary blood, in spite of impaired diffusion. In the absence of an intracardiae shunt, an alveolar-arterial oxygen tension difference that persists under these circumstances must result from shunting of mixed venous blood through lung vessels without adequate exposure to alveolar air.
Our data indicate that the effects of impaired diffusion and of ventilation-perfusion ratio disturbances on the alveolar-arterial oxygen gradient are, in fact, minimized by 30 minutes or more of pure oxygen breathing, because the alveolar-arterial oxygen gradients in a group of nonpolyeythemic patients with severe emphysema were normal or only slightly increased. Conversely, the alveolararterial gradients were high in untreated primary polyeythemia, despite relatively normal pulmonary function.
The possibility that improvement of pulmonary function rather than phlebotomy caused the reduction of alveolar-arterial gradients in patients with secondary polyeythemia has been considered. However, there was no consistent relationship between changes in alveolar-arterial gradient and pulmonary function as measured in our patients. On the other hand, there was invariably an associatioii between reduction of an elevated hematocrit and decrease of the elevated alveolar-arterial gradient.
To the previously recognized benefits of lowering the hematocrit in polyeythemia vera can be added the decrease in venous-arterial admixture. However, even the considerable venous-arterial shunting involved accounts for only a small decrease in arterial oxygen saturation during room air breathing. In a group of nonpolyeythemic patients with emphysema the alveolar-arterial gradients during 100 per cent oxygen breathing were near normal. This indicates that the effect of impaired diffusion or ventilationperfusion disturbances on the alveolararterial gradient is virtually eliminated by pure oxygen breathing. The considerable venous-arterial admixture noted in polycythemic patients under the same experimental conditions must be due to anatomic shunting in the lungs.
The fact that the alveolar-arterial gradient can be decreased by reducing the hematocrit level suggests that some sort of cause and effect relationship between the two may exist. 
